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OBJECT 


The  object  of  this  work  was  to  examine  possible  methods  of  apply¬ 
ing  a  reaction  rate  method  to  failure  times  of  adhesive  bonds  at  con¬ 
stant  stress  and  low  humidity. 


SUMMARY 

Two  new  procedures  for  estimating  kinetic  parameters  from  con¬ 
stant  stress  mechanical  data  are  described.  These  procedures  were  ap¬ 
plied  to  data  on  adhesive  bonds  obtained  earlier.  It  was  found  that 
even  for  bonds  tested  at  20%  humidity,  consistent  and  reasonable  re¬ 
sults  were  obtained.  By  the  previously  used  procedures,  this  correla¬ 
tion  had  been  very  doubtful. 


INTRODUCTION 

Tobolsky  and  Eyring  (Ref  1)  first  applied  reaction  rate  theory  to 
polymer  mechanical  behavior.  Such  methods  have  recently  been  applied 
to  describe  the  behavior  of  adhesive  bonds  under  conditions  of  cohe¬ 
sive  failure  (Refs  2,3).  The  second  report  shows  that  a  reaction  rate 
method  adequately  predicts  failure  times  at  constant  stress  under  con¬ 
ditions  of  507o  and  90-95%  relative  humidity.  However,  a  correlation 
of  the  data  taken  at  207o  relative  humidity  was  planned  but  not  under¬ 
taken  because  of  an  apparent  uncertainty  in  the  plots  due  to  data 
scatter.  Recently,  this  body  of  data  has  been  reexamined  and  two  ad¬ 
ditional  treatments  have  been  developed  and  applied.  This  report  gives 
the  results  of  this  reexamination. 


RESULTS  AND  DISCUSSIONS 

An  integrated  form  of  the  rate  equation  that  has  been  used  in 
previous  studies  may  be  written 

log  tf  =  C  -log  T  +  -bf  (1) 

where  t^  is  failure  time 

C  and  b  are  constants 

T  is  abgolute  tenmerarure 

AH^/2. 3RT  is  an  activation  energy  term 


S  is  the  stress. 
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At  constant  temperature,  the  experimental  data  should  give  a 
straight  line  on  plotting  log  t^  vs  S/T  as  required  by 


log  tf  =  D  -bS/T 


(2) 


The  apparent  activation  energy  may  then  be  evaluated  by  extrapola¬ 
ting  several  constant  temperature  lines  to  the  vertical  intercept 
(S/T  =  0)  and  plotting  according  to 


log  tf T  =  MJL+  c 
t  2.3RT 


(3) 


Equations  2  and  3  were  used  to  treat  the  data  in  an  earlier  report 
(Ref  3). 


An  alternative  procedure  was  also  used  in  the  previous  work  (Ref 
3).  In  this  case,  if  we  multiply  Equation  1  through  by  T  and  consider 
a  data  point  t^  and  at  T^,  we  obtain 


Iilogtf1Tl  -  CIi  +  HOT  -“I 


(4) 


A  similar  expression  may  be  written  for  t£  >  S2’  anc*  T/> 

z 


T  log  t  T  =  CT  +  Jill—  “bS„ 
2  f,  2  2  2 . 3R  2 


+  -t 


(5) 


Assuming  the  constancy  of 


^  ^  108  '"l  +  ^  -2  ♦ 


(6) 


Rearranging  and  dividing  through  by  -T^ 


rl  logtf jT1  -  T2 _  logtf^  =  C  +  b  ^S2  '  Sl) 


T  -T 
1  2 


Ti-T2 


(Tx  -  T2) 


(7) 


For  every  possible  pair  of  data  points,  the  left  hand  side  of  equa¬ 
tion  7  may  be  plotted  against  (S9-S^)/ (T^-T2 ) . 

C  and  b  may  then  be  evaluated  as  the  intercept  and  slope,  respec¬ 
tively.  After  C  and  b  are  determined,  we  may  go  back  to  Equation  1  in 
the  form 


log  tfT  -C  +  bf  = 


T  2 . 3RT • 


(8) 
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The  left  hand  side  of  Equation  8  is  then  plotted  against  1/T  to 
evaluate  AH^. 

As  had  been  indicated  in  previous  work  (Ref  3) ,  an  attempt  to  plot 
the  data  at  20%  relative  humidity  according  to  Equation  7  gave  a  corre¬ 
lation  coefficient  for  the  least  squares  line  of  only  0.54.  The  use  of 
Equations  2  and  3  gave  the  plots  shown  in  Figures  1  and  2.  The  values 
of  parameters  obtained  from  these  plots  are  reasonable  but  the  scatter 
reduces  confidence  in  the  exact  numerical  values.  Thus,  the  line  in 
Figure  2  could  be  drawn  a  number  of  ways .  It  would  appear  that  an 
additional  treatment  would  be  helpful. 

A  treatment  using  Equation  1,  but  holding  log  tfT  constant  instead 
of  temperature,  has  been  used.  In  this  case,  we  may  rewrite  Equation 
1 


S/T  =  C  -  logtfT  +  AH^  1 

b  2.3Rb  '  T  (9) 

From  plots  of  logtfT  versus  S/T  at  various  temperatures,  we  may 
determine  values  of  S/T  at  various  selected  constant  logtfT  values. 
Then  we  should  get  a  straight  line  on  plotting  S/T  versus  1/T  for  each 
constant  logtfT.  Obviously,  the  intercepts  of  these  plots  will  be  re¬ 
lated  to  C,  b  and  logtfT  as  follows 

C  -  logtfT  =  intercept  (10) 

b 


or 

logtfT  =  C  -b  Intercept  (11) 

From  the  linear  plot  of  logtfT  versus  Intercept,  C  and  b  may  be 
determined.  After  b  is  known,  it  can  be  put  back  in  the  slope  term  of 
Equation  9  for  the  evaluation  of  AH?6. 

A  check  on  the  use  of  Equations  9  and  11  was  made  by  treating  the 
data  on  AF126  adhesive  reported  previously  for  90-95%  and  507.  relative 
humidity  (Ref  3).  The  log  tfT  versus  S/T  plots  at  90-95%  relative  humi¬ 
dity  are  shown  in  Figure  3.  These  plots  were  used  to  obtain  S/T  at 
selected  constant  log  tfT  values.  The  appropriate  S/T  versus  1/T  lines 
are  shown  in  Figure  4.  These  lines  are  all  drawn  with  the  same  slope 
(10,700)  as  is  required  by  Equation  9.  Finally,  b  and  C  were  evaluated 
from  the  slope  and  intercept  of  the  straight  line  in  Figure  5.  Then 
from  the  slope  of  the  S/T  versus  1/T  lines, AH'  was  evaluated,  thus: 
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4JL? 

RTb  ’ 


A  H+ 


4.6(0.43) 

A  =  21  kcal 


=  10,700 


This  value  of£H^  compares  well  with  the  24  kcal  reported  earlier 
(Ref  3).  b  in  this  case  is  0.43,  whereas  it  was  found  to  be  0.45  by  the 
earlier  methods.  These  values  are  considered  in  good  agreement  consid¬ 
ering  the  scatter  that  is  usually  found  in  adhesive  mechanical  data. 
Values  of  C  show  a  wider  scatter.  C  =  -5.8  in  this  work  is  to  be  com¬ 
pared  with  values  of  -7.4  and  -8.1  found  previously  (Ref  3).  It 
does  appear  that  this  method  gives  essentially  the  same  results  as  the 
procedures  formerly  used. 


The  agreement  of  the  method  with  the  earlier  work  was  further  de¬ 
monstrated  using  the  data  for  AF126  adhesive  at  507o  relative  humidity. 
Figures  6  through  8  illustrate  the  application.  In  this  case,  it  was 
found  that  b  =  0.69,  Att^  =  51  kcal,  and  C  =  -22.8.  The  values  reported 
in  Reference  3  obtained  by  the  other  methods  are  b  =  0.71,  0.71;  Ah^ 

=  51  kcal, 51  kcal,  and  C  =-22.5,-22.1.  Once  again  the  agreement  is 
quite  good. 


Since  the  primary  purpose  of  this  work  was  to  compare  the  20%  rela¬ 
tive  humidity  data  with  the  higher  humidity  values,  the  same  treat¬ 
ment  was  applied  to  the  20%  data.  Figures  9  through  11  illustrate  the 

data  and  method  exactly  as  in  the  preceeding  cases.  In  this  case,  b 

is  found  to  be  0.68,Ah^  =  47  kcal,  and  C  *  -20.5.  By  Equations  2  and 
3  (see  Figures  1  and  2),  the  corresponding  values  are  b  =  0.65,Alr  = 

46  kcal,  and  C  =  -20.1.  This  agreement  gives  much  more  confidence  in 

the  quantitative  treatment  of  the  20%  relative  humidity  data. 


It  is  perhaps  of  interest  to  examine  still  another  possible  method 
of  data  treatment.  If  we  hold  the  stress  (S)  constant,  we  may  rewrite 
Equation  1  in  the  form 


/  Ah*  v  \  l 

log  tfT  -  C  +(2.3R  bSj  T 

On  plotting  log  t^.T  vs  1/T,  we  should  get 

’  -xfe  -  bs 


(12) 


(13) 
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And,  on  plotting  slope  vs  S,  we  could  evaluate  AH^  and  b.  Of  course, 

C  would  be  obtained  directly  from  the  intercept  of  Equation  12. 

Unfortunately,  the  above  procedure  is  difficult  to  use  in  cases 
such  as  constant  stress  experiments  with  AF126  adhesive  described  above 
because  of  the  difficulty  in  distinguishing  the  small  changes  in  slope 
in  Equation  12.  For  example,  in  the  cases  under  consideration,  this 
change  would  be  of  the  order  of  10%  or  less.  Such  a  change  might  be 
almost  completely  obscured  by  the  experimental  scatter.  It  would  appear 
that  a  better  approach  is  to  multiply  Equation  12  through  by  T 

-  bS  W  CT  (14) 


TlogtjT  =(£»’! 


Now  on  plotting  Tlogt^T  vs  T,  we  get 


Intercept  = 


AHr 

2.3R 


bS 


(15) 


C  is  obtained  from  the  slope  in  Equation  14.  A  and  b  are  ob¬ 
tained  from  the  straight  line  relation  between  the  intercepts  of 
Equation  14  and  S,  in  accord  with  Equation  15. 

The  lines,  according  to  Equation  14  at  various  constant  S  values 
are  shown  in  Figure  12.  The  graph  for  evaluation  of  Ah^  and  b  (Equa¬ 
tion  15)  is  given  in  Figure  13.  Values  of  the  parameters  are  b  = 
0.61,  C  =  -  19.8,  and  AH^  =  45  kcal.  These  values  are  in  reasonable 
agreement  with  those  given  earlier  in  this  report. 
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Fig  1  Log  tf  vs  S/T  for  AF  126  adhesive  (aluminum  adherends)  under 
constant  stress  at  20%  relative  humidity 


7 


LOG  T  +  LOG  t-  (at  S/T 


Fig  2 


Arrhenius  type  plot  for  evaluation  of  AH'  at  20% 
relative  humidity 
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Fig  3  Log  tfT  vs  S/T  for  AF126  adhesive  (aluminum  adherends) 
at  90  -  957o  relative  humidity 
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Fig  4  S/T  vs  1/T  for  AF126  adhesive  at  90  -  957«  relative  humidity 
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Fig  5  Log  t^T  vs  intercept  for  AF126  adhesive  at  90  -  95%  relative 
humidity 
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Fig  6  Log  t^T  vs  S/T  for  AF126  adhesive  at  50%  relative  humidity 
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Fig  7  S/T  vs  1/T  for  AF126  adhesive  at  50%  relative  humidity 
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Fig  8  Log  tfT  vs  intercept  for  AF126  adhesive  at  507o  relative 
humidity 
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Fig  9  Log  tfT  vs  S/T  for  AF126  adhesive  at  20%  relative  humidity 
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Fig  10  S/T  vs  1/T  for  AF126  adhesive  at  20%  relative  humidity 
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Fig  11  Log  tfT  vs  intercept  for  AF126  adhesive  at  207.  relative 
humidity 
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T(°K) 


Fig  12  T  log  tfT  vs  T  for  AF126  adhesive  at  207.  relative  humidity 
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INTERCEPT 


Fig  13  Intercept  vs  S  for  AF126  adhesive  at  20%  relative  humidity 


19 


DISTRIBUTION  LIST 


Copy  No. 

Commanding  Officer 
Picatinny  Arsenal 

ATTN:  Scientific  and  Technical  Information  Branch  1-6 
SMUPA-VP6  7-23 

SMUPA-T  24-28 

SMUPA-D  29-33 

SMUPA-N  34-35 

SMUPA-I  36-37 

SMUPA-ND  38 

SMUPA-NR  39 

Dover,  New  Jersey  07801 

Commanding  General 

U.  S.  Army  Materiel  Command 

ATTN:  AMCRD-T,  Dr.  H.  M.  El-Bisi  40 

AMCRD-T,  Mr.  J.  Rivkin  41 

AMCPP-PI  42 

AMC-QA  43 

Physics  and  Electronics  Br,  Mr.  John  Beebe  44 

Washington,  D.  C.  20315 

Commanding  General 

U.  S.  Army  Missile  Command 

ATTN:  AMSMI-IE,  Mr.  J.  E.  Kirshstein  45 

AMSMI-IEP,  Mr.  Giles  Wetherill  46 

AMSMI-RF,  Dr.  Julian  S.  Kobler  47 

AMSMI-RH,  Mr.  Gregory  S.  Moshkoff  48 

AMSMI-RL,  Mr.  William  C.  Watson  49 

AMSMI-RTF,  Mr.  James  M.  Taylor  50 

AMSMI-RSM,  Mr.  E.  A.  Verchot  51 

AMSMI-RGP,  Mr.  Kenneth  W.  Plunkett  52 

AMSMI-IELC,  Mr.  William  B.  Greene  53 

AMSMI-IELC,  Mr.  Robert  B.  Clem  54 

AMSMI-IELM-S,  Mr.  James  R.  Martin  55 

AMSMI-RKK,  Mr.  C.  H.  Martin  56 

Chief,  Document  Section  57 

Redstone  Arsenal,  Alabama  35809 


20 


Commanding  General 

U.  S.  Army  Munitions  Command 

ATTN:  AMSMU-RE-E,  Mr.  E.  P.  Burke  58 

AMSMU-RE-E,  Mr.  W.  G.  McDaniel  59 

AMSMU-RE-R,  Mr.  G.  Chesnov  60 

AMSMU-QA  61 

AMSMU-CE,  Chief  Engineer  62 

Dover,  New  Jersey 

Commanding  General 

U.  S.  Army  Electronics  Command 

ATTN:  AMSEL-PP/P/IED,  2,  Mr.  Wes  Karg  63 

225  South  18th  Street 
Philadelphia,  Pennsylvania  19103 

Commanding  General 

U.  S.  Army  Aviation  Systems  Command 

ATTN:  AMSAV-PRL,  Mr.  John  Thorp  64 

AMSAV-PP1 ,  Mr.  F.  Matthews  65 

AMSAV-EAA,  Mr.  R.  Redman  66 

AMSAV-R-R(RD),  Mr.  R.  Martin  67 

AMSAV-EAC ,  Mr.  J.  Bramlet  68 

AMSAV-R-R(RD) ,  Mr.  W.  H.  Brabson,  Jr.  69 

AMSAV-EAS,  Mr.  R.  Reeves  70 

AMSAV-EGSM,  Mr.  A.  Taplits  71 

AMSAV-R-R(RD) ,  Dr.  I.  Peterson  72 

P.  0.  Box  209,  Main  Office 
St.  Louis,  Missouri  63166 

Commanding  General 

U.  S.  Army  Mobility  Equipment  Command 

ATTN:  AMSME-PLA,  Mr.  J.  J.  Murphy  73 

AMSME-PLA,  Mr.  M.  W.  Schriet  74 

4300  Goodfellow  Blvd . 

St.  Louis,  Missouri  63120 

Commanding  General 

U.  S.  Army  Tank-Automotive  Command 

ATTN:  AMSTA-RCM. 1 ,  Mr.  Don  Phelps  75 

AMSTA-RCM. 1 ,  Mr.  Edward  Moritz  76 

Lt.  Colonel  John  W.  Wiss  77 

Mr.  Charles  Green  78 

Mr.  Melvin  A.  Arvik  79 

Warren,  Michigan  48090 


21 


Commanding  Officer 

U.  S.  Army  Materials  and  Mechanics  Research  Center 
ATTN:  AMXMR-TX,  Mr.  Arthur  Jones  80 

AMXMR-TX,  Mr.  P.  A.  Carbonaro  81 

AMXMR-RF,  Dr.  G.  Thomas  82 

AMXMR-E,  Mr.  E.  Hegge  83 

AMXMR-QA  84 

Technical  Information  Section  85 

Watertown,  Massachusetts  02172 

Commanding  Officer 
Savanna  Army  Depot 

ATTN:  AMXSV-EN  86 

AMC  Ammunition  Center 
Savanna,  Illinois  61704 

Commanding  Officer 
Ft.  Detrick 

ATTN:  SMJFD,  Mr.  H.  H.  Meier  87 

MD  Division,  Mr.  D.  E.  Jones  88 

MO  Branch,  Mr.  H.  Ralph  Cunningham  89 

Frederick,  Maryland  21701 

Commanding  Officer 
Rock  Island  Arsenal 

ATTN:  SWER1-PPE-5311,  Mr.  J.A.  Fox  90 

AMSWE-PPR,  Mr.  J.  X.  Walter  91 

AMSWE-PPR,  Mr.  G.  Hall  92 

Rock  Island  Arsenal,  Illinois  61201 

Director 

U.  S.  Army  Production  Equipment  Agency 

Rock  Island  Arsenal 

ATTN:  AMXPE-MT,  Mr.  H.  Holmes 

Rock  Island,  Illinois  61201  93-94 

Commanding  Officer 

U.S.  Army  Aeronautical  Depot  Maintenance  Center 
ATTN:  SAVAE-EFT,  Mr.  J.A.  Dugan 

Corpus  Christi,  Texas  78419  95 


22 


Project  Manager,  General  Purpose  Vehicles 
Michigan  Army  Missile  Plant 

ATTN:  AMCPM-GPV-QV ,  Mr,  E. A.  Cowgill  96 

AMCPM-GPV-T,  Mr.  L.F.  Mortenson  97 

Warren,  Michigan  48090 

Commanding  Officer 

U.  S.  Army  Weapons  Command 

Watervliet  Arsenal 

ATTN:  SMEWV-PPP-WP,  Mr.  L.  Slawsky  98 

Dr.  Fred  Schmiedeshof f  99 

Dr.  Robert  E.  Weigle  100 

Dr.  F.  Sautter  101 

Mr.  W.G.  McEwan  102 

Mr.  P.  Rummel  103 

Dr.  Igbal  Ahmad  104 

Watervliet,  New  York  12189 

Commanding  General 

U.  S.  Army  Limited  War  Laboratory 

ATTN:  CRD-AM-6D  105 

CRD-AM-7A,  Mr.  Hugh  T.  Reilly  106 

CRD-AM-6C,  Mr.  Benjamin  F.  Wood,  Jr.  107 

CRD-AM-6C,  Mr.  R.P.  McGowan  108 

Aberdeen  Proving  Ground,  Maryland  21005 

Commanding  General 
Aberdeen  Proving  Ground 

ATTN:  Technical  Library,  Bldg  313  109 

Aberdeen  Proving  Ground,  Maryland  21005 

Commanding  Officer 
Harry  Diamond  Laboratories 

ATTN:  Mr.  A.  A.  Benderly  110 

Library  111 

Washington,  D.  C.  20438 


23 


Commanding  General 

U.S.  Army  Natick  Laboratories 

ATTN:  Mr.  Theodore  L.  Bailey  112 

Dr.  George  E.  Murray  113 

Mr.  Jack  Furrer  114 

Dr.  J.  Alden  Murray  115 

Natick,  Massachusetts  01760 

Commanding  General 

U.  S.  Army  Electronics  Command 

ATTN:  Mr.  J.  Spergel  116 

Mr.  D.  A.  Diebold  117 

Mr.  G.  Plateau  118 

Fort  Monmouth,  New  Jersey  07703 

Commanding  Officer 

U.  S.  Army  Engineer  Research  and  Development  Labs 
ATTN:  Dr.  George  W.  Howard  119 

Mr.  C.  B.  Griffis  120 

Mr.  H.  Johnston  121 

Mr.  E.  York  122 

Mr.  E.  B.  Holley  123 

Fort  Belvoir,  Virginia  22060 

Commanding  Officer 

U.  S.  Army  Edgewood  Arsenal 

ATTN:  Technical  Information  Branch  124 

Mr.  M.  A.  Raun,  SMUEA-DME  125 

Mr.  N.  Potash,  SMUEA-DME-4  126 

Mr.  M.  N.  Timbs,  SMUEA-QAEQ  127 

Mr.  B.  Rogge,  SMUEA-WCP  128 

Edgewood  Arsenal,  Maryland  21010 

Commanding  Officer 
Frankford  Arsenal 

ATTN:  Dr.  H.  Gisser  129 

Mr.  M.  Petronio  130 

SMUPA-Q1000  131 

Mr.  H.  Marcus  132 

Mr.  E.  Kelly  133 

Philadelphia,  Pennsylvania  19137 


24 


Commanding  Officer 
Tobyhanna  Army  Depot 

ATTN:  Mr.  N.  J.  DeMars  134 

Mr.  J.  W.  Tarrent  135 

Tobyhanna,  Pennsylvania  18466 


Commanding  Officer 

U.  S.  Army  Engineer  Waterways  Experiment  Station 
Corps  of  Engineers 

ATTN:  Mr.  Robert  Turner  136 

Vicksburg,  Mississippi  39180 


Commanding  General 

U.  S.  Army  Medical  Biomechanical  Research  Laboratory 
Walter  Reed  Army  Medical  Center 

ATTN:  Dr.  Fred  Leonard  137 

Forest  Glen  Section 
Washington,  D.  C.  20012 


Commanding  General 

U.  S.  Army  Medical  Equipment  Research  and 
Development  Laboratory 
Fort  Totten 

ATTN:  Mr.  Donald  0.  Jones  138 

Mr.  Aaron  Ismach  139 

Flushing,  Long  Island,  New  York  11359 


Plastics  Technical  Evaluation  Center 

ATTN:  Mr.  H.  Pebly  140 

Picdtinny  Arsenal 
Dover,  New  Jersey  07801 


Commanding  General 
White  Sands  Missile  Range 

ATTN:  Technical  Library  141 

New  Mexico  88002 


Commanding  Officer 

Ammunition  Procurement  and  Supply  Agency 

ATTN:  AMUAP-QFO  142 

Joliet,  Illinois  60436 


25 


U.  S.  Naval  Ordnance  Laboratory 
ATTN:  Mr.  F.  R.  Barnet 
Sliver  Spring,  Maryland  20910 


143 


Department  of  the  Navy 
Bureau  of  Naval  Weapons 

ATTN:  RRMA,  Airborne  Equipment  Division  144 

Washington,  D.  C.  20360 

Mr.  E.  K.  Rishel,  Head,  Plastics  Branch 
Aeronautical  Materials  Laboratory 
Naval  Air  Engineering  Center 
Building  76-5 

Philadelphia,  Pennsylvania  145 

Department  of  the  Navy 
Bureau  of  Naval  Weapons 
ATTN:  RRMA- 10 

Washington,  D.  C.  20360  146 

Naval  Air  Development  Center 

Aeronautical,  Electronic  and  Electrical  Laboratory 

ATTN:  Materials  and  Process  Branch  147 

Johnsville,  Pennsylvania  18974 

Naval  Ship  Research  and  Development  Center 


ATTN:  Materials  Research  Branch 

Washington,  D.  C.  20007  148 

Defense  Documentation  Center 

Cameron  Station  149-160 

Alexandria,  Virginia  22314 

U.  S.  Army  Aviation  Material  Laboratory 

ATTN:  Mr.  Roach  161 

Fort  Eustis,  Virginia  23604 

Commander 

Aeronautical  Systems  Division 

ATTN:  Mr.  T.  Schwartz  162 

Mr.  R.  C.Tomashot  163 

Mr.  T.  Reinhart  164 


Wright-Patterson  Air  Force  Base,  Ohio  45433 


26 


Commanding  General 
Headquarters,  U.  S.  Air  Force 
Pentagon  Building 

Washington,  D.  C.  20330  165 

National  Aeronautics  and  Space  Administration 
Lewis  Research  Center 

ATTN:  Ch,  Library  166 

21000  Brookpark  Road 
Cleveland,  Ohio  44135 

NASA  Scientific  and  Technical  Information  Facility 
Information  Retrieval  Branch 

ATTN:  Mr.  William  Neely  167 

P.  0.  Box  33 

College  Park,  Maryland  20740 
U.  S.  Army  Research  Office 

ATTN:  Dr.  J.  M.  Majowicz  168 

3045  Columbia  Pike 
Arlington,  Virginia  22204 

Director 

U.  S.  Army  Ballistics  Research  Laboratory 

ATTN:  Mr.  Emerson  V.  Clarke,  Jr.  169 

Dr.  Eichelberger  170 

Mr.  Herman  P.  Gay  171 

Aberdeen  Proving  Ground,  Maryland  21005 

Naval  Underwater  Weapons  Station 
Research  Department 

ATTN:  Mr.  F.  Spicola  172 

Newport,  Rhode  Island  02840 

Naval  Air  Systems  Command 
Industrial  Resources  Branch 

ATTN:  Mr.  P.  Robinson  173 

Washington,  D.  C.  20360 

Naval  Electronic  Laboratory  Center 

ATTN:  Mr.  Harvey  F.  Dean,  Code  S-340  174 

San  Diego,  California  92152 


27 


175 


Naval  Ordnance  Systems  Command 
Industrial  Resources  Division 
ATTN:  Mr.  T.  E.  Draschill,  Code  0471E 
Washington,  D.  C.  20360 


U.  S.  Navy  Ships  System  Command  Hdqtrs. 

ATTN:  Mr.  T.  Kelley,  Code' 703A  176 

Annapolis  Academy 
Annapolis,  Md.  21402 

Naval  Research  Laboratory 

ATTN:  Mr.  W.  Oaks,  Code  2343  177 

Washington,  D.  C.  20390 

Naval  Ordnance  Station 

ATTN:  Mr.  T.  Peake  178 

Souths ide  Drive 
Louisville,  Ky.  40214 

Naval  Avionics  Facility 

ATTN:  Mr.  B.  D.  Togue,  Code  D/803  179 

21st  and  Arlington 
Indianapolis,  Ind  46218 

Naval  Material  Industrial  Resources  Office 

ATTN:  Mr.  L.  F.  Walton  180 

Mr.  H.  Shapiro  181 

Philadelphia,  Pennsylvania  19112 

Commanding  General 

U.  S.  Army  Materiel  Command 

ATTN:  Mr.  J.  Dockins,  AMCPM-UA-T  182 

Mr.  C.  Cioffi,  AMCPM-LH-T  183 

P.  0.  Box  209 
St.  Louis,  Mo.  63166 

Headquarters 

U.  S.  Air  Force  (AFRDDA)  184 

Washington,  D.  C.  20330 


28 


Headquarters 

Air  Force  Armament  Laboratory  (ATX) 

Eglin  Air  Force  Base,  Florida  32542  185 


Headquarters 

Air  Force  Systems  Command  (SCTS)  186 

Andrews  Air  Force  Base,  Md  20331 


Headquarters 

Air  Force  Weapons  Laboratory  (WLX)  187 

Kirtland  Air  Force  Base,  N.M.  87117 


29 


UNCLASSIFIED _ 

Security  Classification 


DOCUMENT  CONTROL  DATA  •  R  &  D 


(Sacwltyela9aUlcation^l^ltla^body^f^abatract^andJndajiJn£annotatlen^^ 


t,  ORIGINATING  ACTIVITY  (Corpora ta  author) 


24.  REPORT  SECURITY  CLASSIFICATION 


Picatinny  Arsenal,  Dover,  N.J. 

S.  REPORT  TITLE 


07801 


Unclassified 

Zb.  GROUP 


PREDICTION  OF  FAILURE  TIMES  OF  ADHESIVE  BONDS  AT  CONSTANT  STRESS.  II 
FAILURE  AT  LOW  HUMIDITY 


4.  descriptive  NOTE*  (Typo  of  ropoti  and  Inc  fur  Ira  data*) 

9  AUTHOR!*)  (Firm!  naota,  mlddla  Initial ,  la  at  naota) 

Elise  McAbee 

David  W.  Levi 

«.  REPORT  DATE 

December  1970 

7A.  TOTAL  NO.  OF  PAGES 

34 

7b.  NO.  OF  REFS 

3 

M.  CONTRACT  OR  GRANT  NO. 

a.  project  no.  1T06 2105A329 07 

e.  AMCMS  Code  502E.  1129507 

d,  • 

•A.  ORIGINATOR'S  REPORT  NUMGERtS* 

TM  1978 

9b.  OTHER  REPORT  no(S)  (Any  othar  numtara  dial  may  ba  aaaignad 
thtm  tapori) 

tO.  DISTRIBUTION  STATEMENT 

This  document  has  been  approved  for 
bution  is  unlimited. 

public  release  and  sale;  its  distri- 

It.  SUPPLEMENTARY  NOTES 

12.  SPONSORING  MILITARY  ACTIVITY 

19.  ABSTRACT 


Two  new  procedures  for  estimating  kinetic  parameters  from  con¬ 
stant  stress  mechanical  data  are  described.  These  procedures  were 
applied  to  data  on  adhesive  bondd  obtained  earlier.  It  was  found  that 
even  for  bonds  tested  at  20%  humidity,  consistent  and  reasonable  re¬ 
sults  were  obtained.  By  the  previously  used  procedures,  this 
correlation  had  been  very  doubtful. 


DD 


"~..1473 


MKPLACKf  DO  FORM  1471,  I  J*N  44  WHICH  14 
OMOl  ITt  FOR  ARMY  USE. 


UNCLASSIFIED 

Security  Classification 


UNCLASSIFIED 


Security  Classification 


14. 

KEY  WORDS 

LINK  A 

LINK  B 

LINK  C 

ROLE 

WT 

ROLE 

WT 

ROLE 

WT 

Adhesive  bonds 

Failure  time 

Constant  stress 

Humidity,  high  vs  low  (90-95%,  50%,  0%) 

Prediction 

Reaction  rate  theory 

Polymer  mechanical  behavior 

Data  scatter,  reexamination  of 

Rate  equation 

Activation  energy 

New  treatments  (2)  of  seatter  data 

AF  126  adhesive 

Aluminum  adherends 

UNCLASSIFIED 


Security  Classification 


